Built-up land sprawl is the most intuitive manifestation and main cause of cultivated land pattern change. Understanding spatiotemporal change and its driving factors in the impact of built-up land sprawl on cultivated landscape eco-security under the urbanization gradient can reveal the nature of cultivated landscape ecological risk caused by urban sprawl and promote the scientific implementation of urban planning and cultivated land protection policies. Taking Yangzhou, a medium-sized city with rapid urbanization, as an example, we used multi-sources data (30 m resolution Landsat images in 1998, 2008, and 2018) to analyze the sprawl intensity and direction of built-up land and cultivated landscape ecological risk areas under the urbanization gradient and the spatiotemporal characteristics of the relationship between them. Further, we employed the boosted regression tree (BRT) model to quantify the effects of geographic, social, and economic factors on the impact of built-up land sprawl on cultivated landscape eco-security under different urbanization gradients. Results showed that built-up land sprawl rate increased first and then decreased from 1998 to 2018, forming the sprawl gradients of no. 1-8, no. 8-16, and no. 16-30 urban circle. Its sprawl direction is mainly 20 • -90 • , 190 • -240 • , and 305 • -355 • , whereas cultivated landscape ecological risk area is a continuous sprawl, and the sprawl gradient and direction of the main risk area are consistent with the built-up land. In 1998-2008, the main areas where built-up land sprawl affects cultivated landscape eco-security are located in no. 1-16 urban circle, 20 • -55 • . From 2008 to 2018, it was located in no. 16-26 urban circle, 305 • -355 • . In this process, the influence of geospatial factors decreases gradually over time but increases outwardly with the urbanization gradient. The influence of social factors decreases first with time and then increases with the urbanization gradient outward in space. Economic factors increase with time but decrease with the urbanization gradient. The influence of each factor varies greatly over time and with the urbanization gradient.
Introduction
The protection of cultivated land is related to national food security, sustainable economic development, social harmony and stability, and a country's long-term peace and stability [1] . Since 2006, when China first put forward the "red line of 1.8 billion mu of cultivated land" protection policy [2] , it has reiterated its importance many times [3, 4] . However, with the overall deepening of reform in China and the increasing downward pressure on the economy, whether this policy will hinder economic development and urbanization has become an urgent research topic [5] . According to the research, built-up land sprawl, as the most drastic and intuitive manifestation of urbanization, blindly occupies cultivated land resources due to lack of rational planning and guidance, leading to an increasingly broken cultivated land pattern and a serious threat to production efficiency [6] . Therefore, understanding spatiotemporal change and its driving factors in the impact of built-up land sprawl on cultivated landscape eco-security under the urbanization gradient can reveal the nature of cultivated landscape ecological risk caused by urban sprawl. It will provide technical support and a decision-making basis for the implementation of the protection policy of "red line of 1.8 billion mu of cultivated land", which is of great practical significance for realizing the sustainable utilization of land resources.
At present, scholars worldwide have made fruitful achievements in the research of built-up land sprawl and cultivated land protection but have mainly focused on their own unilateral research [7] [8] [9] . Although some scholars have analyzed the correlation between them, it mainly includes three aspects: planning [10] [11] [12] , utilization mode [13, 14] , and management system [15] [16] [17] . However, there is no research on the key driving factors and the change characteristics of quantifying the impact of built-up land sprawl on cultivated land pattern under urbanization gradient. In addition, built-up land sprawl and cultivated land pattern are affected by multiple factors, including geospatial (topography, rivers, etc.) and socioeconomic (population, fiscal revenue, etc.) [18] . Moreover, research methods are often limited by data types (such as classified data and continuous data), quantitative relations (linear relations and nonlinear relations), normal distribution, and so on [19] , which will have a great impact on the accuracy and comprehensiveness of the evaluation of driving factors. At present, the emergence of machine-learning technology has broken through the limitations of traditional statistical methods [20] . Therefore, combining the data of the impact of built-up land sprawl on cultivated land and machine-learning technology, as well as quantitatively identifying the key driving factors of the impact of built-up land sprawl on cultivated land will provide an effective approach for its research.
The integration of a boosted regression tree (BRT) model and graph theory provides a scientific basis for quantifying the driving mechanisms of the influence relationship between built-up land sprawl and cultivated land pattern [21] . The BRT model is a representative technique to solve regression and classification problems. This model has the advantages of simultaneously dealing with different data types, quantitative relations, inter-relationship between variables, missing data, and so on and has been successfully used to quantitatively study the influence of multiple factors [22] [23] [24] [25] . Graph theory can construct comprehensive indexes for built-up land sprawl and cultivated land pattern, such as urbanization intensity index (UII) and cultivated landscape eco-security index (LSES), which have important application value for research on the influence relationship between them. Therefore, the combination of different methods and technologies can comprehensively consider different variables and make a more comprehensive and accurate evaluation of built-up land sprawl and cultivated land pattern [26] .
At present, the research on urban sprawl in China mainly focuses on large cities but lacks enough attention to small and medium-sized cities [27] , and this includes research on cultivated land in plain areas [28] . Yangzhou city, in the center of Jiangsu province, is located in the Yangtze river delta city cluster and the lower plain area of the Yangtze river. Its development is not only essential to comprehensively promoting urbanization but also facing an important period of first-class farmland quality protection [29] . The research on the spatial interaction between built-up land sprawl and the protection of cultivated landscape pattern in Yangzhou has a very important guiding significance for the implementation of the "1.8 billion mu of cultivated land" policy.
The purpose of this study is to examine the spatiotemporal change and its driving factors in the impact of built-up land sprawl on cultivated landscape eco-security under the urbanization gradient in Yangzhou. Through the combination of Fragstats4.2 software and RStudio software, we simulated the spatial relationship between built-up land patches and cultivated land patches, and revealed the main factors affecting the spatiotemporal change characteristics of them. Our hypothesis is that built-up land sprawl leads to different degrees of cultivated landscape ecological risks under different urbanization gradients and that there will therefore be an extreme value to reflect the specific spatial position of cultivated land protection in the process of spatial interaction between them. Our specific research questions were as follows: (1) what is the intensity and spatial location of urban expansion? (2) Where are the risk areas of cultivated landscape ecology? (3) Where are the main impact areas of built-up land sprawl on cultivated landscape eco-security? (4) Which factors play a leading role in the process of urban sprawl affecting cultivated landscape eco-security?
Materials and Methods

Data Source and Processing
Remote sensing image data, road vector data, and rural residential vector data are obtained from Geographical Data Cloud, National Earth System Science Data Sharing Infrastructure, and Lake-Watershed Science Data Center, respectively, for free. In addition, all kinds of socioeconomic data are freely available from the relevant statistical yearbook.
According to the classification template of the national standard definition of land use classification, we used the maximum likelihood classification in ArcGIS 10.2 software to classify the land use types of remote sensing images of the research area in 1998, 2008, and 2018, which were divided into 6 categories: cultivated land, forest land, water, road land, built-up land, and utilized land. Then, according to the historical map data of Google Earth, we used the kappa coefficient method to verify the land type classification results of the third phase. The results showed that kappa coefficients of remote sensing classification in 1998, 2008, and 2018 were 0.85, 0.87, and 0.88, respectively, with an accuracy of 85.75%, 87.62%, and 88.51%, meeting the research needs.
Research Methods
Analysis of Urbanization Gradient and Sprawl Intensity
The urban circle is usually divided from the city center to make a series of equidistant buffer zones outwards at a certain buffer distance. Then, we take it as a basic analysis unit to understand the spatiotemporal change of urban sprawl [30] . We regard the most densely built area in the center of Yangzhou city as the urban center area, which is designated as the 1st circle. Through the Arcgis10.2 "buffer wizard" tool, we built several buffer zones with a width of 1 km, and gradually buffered outwards to cover the main urban area and contiguous built-up areas, eventually forming a total of 30 circles.
The urbanization intensity index (UII) is used to characterize the sprawl speed and intensity of built-up land, and it is essentially a standardized treatment of the sprawl speed of built-up land of each urban circle in each period [30] . Based on the urban land use sprawl center, the index model compares the urban sprawl speed among urban circle units. It can not only analyze and compare the differences of urban sprawl speed in different spatial directions but also visually outline the overall spatial form of urban sprawl. The formula is
where UII i,t-t+n is the index of urban sprawl intensity of the ith circle in t-t+n period, UA i,t is the built-up land area of the ith circle in the t year; TA i is the total land area of the ith circle.
Analysis of Cultivated Landscape Eco-Security under Urbanization Gradient
Landscape eco-security evaluation model is an organic combination of ecological risk and ecological health [31] . The state and trend of its index can not only reflect the quantity of cultivated land, the demand of cultivated land investment, and the utilization efficiency of cultivated land but also can better reflect the structure and function of cultivated landscape, the integrity of ecosystem, the dynamics and ecological succession of landscape patches, and the resistance and restoration ability of the system to disturbance [32] . It is an important landscape ecological basis for the protection and promotion of cultivated land quality. The formula is:
where LSES is the index of landscape ecological security, PD is the index of patch density, ED is the index of edge density. The above indexes can mainly reflect the fragmentation of cultivated land and the complexity of shape, which are all patch type indexes. LFI is the index of landscape fragility, which can comprehensively reflect the stability, risk resistance, and resilience of cultivated landscape. The formula is as follows:
where AWMSI is the index of area weighted mean shape, MPFD is the index of mean patch fractal dimension, DIVISION is the index of landscape division. In the formula, a, b, and c are factor weights. Based on analytic hierarchy process (AHP) and expert opinions, it is concluded that a, b, and c are 0.54, 0.27, and 0.19 respectively. According to the related research [33, 34] , we use the moving window method with a radius of 500 m in Fragstats4.2 software to calculate the landscape pattern indexes of cultivated land in 1998, 2008, and 2018. Then, combined with the landscape eco-security index model, we use Zonal Statistic as a table tool in ArcGIS 10.2 software to calculate the average value of the cultivated landscape eco-security index in each circle. Finally, according to the Jenks Nature Breaks Classification method, we divide the calculation results into four levels: dangerous state (LSES value is greater than or equal to 0 and less than or equal to 0.2), low dangerous state (LSES value is greater than 0.2 and less than or equal to 0.55), low safe state (LSES value is greater than 0.55 and less than or equal to 0.7), and safe state (LSES value is greater than or equal to 1).
Analysis of Driving Factors Based on BRT
According to the land use data of 1998, 2008, and 2018, we calculate the cultivated landscape eco-security index under the urbanization gradient. We assign the cultivated landscape eco-security index to the corresponding cultivated land vector layer and convert it into raster data with a spatial resolution of 30 m. Then, we assign the acquired geospatial and socioeconomic data to the corresponding township vector layer and convert it into raster data with a spatial resolution of 30 m. Finally, 2712 sample points were extracted from 30 urban circles at a fixed distance of 1 km, and the values of cultivated landscape eco-security and various influencing factors were extracted from these points.
In RStudio software, we use the BRT method of "gbm" package to quantitatively reveal the key driving forces and rules of the impact of built-up land sprawl on cultivated landscape eco-security under the gradient of urbanization. It can intuitively identify the relative effects of multiple factors. According to relevant research [35] , we set a learning rate of 0.005 and a tree complexity of 4.
Results and Discussion
Spatiotemporal Characteristics of Built-Up Land Sprawl and Cultivated Land Area Change
The built-up land area in 30 urban circles increased continuously from 11502.4 ha in 1998 to 44478.5 ha in 2018. The proportion of it in the total area of urban circle increased from 6.7% to 17.8%. The vast majority of the expanding built-up land has been converted from cultivated land (Figure 1) .
From a numerical value point of view (Figure 2 ), the urban sprawl and cultivated land reduction was mainly concentrated in the no. 1-8 urban circle (UII greater than 10%) from 1998 to 2008. Its maximum value was 36.1% in the no. 
Spatiotemporal Characteristics of Cultivated Landscape Eco-Security under Urbanization Gradient
From a numerical value point of view (Figure 4 ), the cultivated landscape eco-security index in Yangzhou increased outwards with urban circles and began to stabilize in no. 16 urban circle. In 1998 and 2008, the cultivated land eco-security index reached relatively safe levels (LSES value is greater than or equal to 0.55) outwards from no. 3 and no. 16 urban circle, respectively, but it was always in danger and reached relatively dangerous levels in 2018.
From the perspective of space ( Figure 5 ), the area of cultivated landscape ecological risk (LSES value is less than 0.55) in Yangzhou has been sprawling year by year. Its main sprawl directions are 80°-100°, 190°-240°, and 300°-355°, which are basically the same as the sprawl direction of built-up 
From the perspective of space ( Figure 5 ), the area of cultivated landscape ecological risk (LSES value is less than 0.55) in Yangzhou has been sprawling year by year. Its main sprawl directions are 80 • -100 • , 190 • -240 • , and 300 • -355 • , which are basically the same as the sprawl direction of built-up land. In terms of sprawl intensity, the ecological risk lines of cultivated landscape (LSES value is less than 0.55) in 1998, 2008, and 2018 were extended to no. 16, no. 25, and no. 30 urban circle, respectively. Among them, the main area of landscape ecological risk was located in no. 8 and no. 16 urban circle, which is also consistent with the urban circle of built-up land sprawl intensity. 
Driving Factors of Cultivated Landscape Eco-Security Influenced by Built-Up Land Sprawl under Urbanization Gradient
We used the BRT method to analyze the role of 12 driving factors, of which built-up land sprawl affected cultivated landscape eco-security in 1998, 2008, and 2018 ( Figure 6 ). Results show that the 12 factors we selected could well explain the relationship between them. The BRT method's ability to 
We used the BRT method to analyze the role of 12 driving factors, of which built-up land sprawl affected cultivated landscape eco-security in 1998, 2008, and 2018 ( Figure 6 ). Results show that the 12 factors we selected could well explain the relationship between them. The BRT method's ability to interpret cultivated landscape eco-security in the third phase was 90.4% (RMSE = 0.15), 88.3% (RMSE = 0.17), and 86.5% (RMSE = 0.19). Further, according to the analysis results of built-up land sprawl intensity and cultivated landscape ecological risk area, we separately carried out correlation analysis of driving factors for no. 0-8, no. 8-16, and no. 16-30 urban circle. The results are shown in Table 1 .
From an overall perspective ( Figure 6 ), among the relative influences of various driving factors, the geospatial spatial factors are all higher than the socioeconomic factors. Their relative influences were 43.4%, 42.6%, and 41.2% in 1998, 2008, and 2018, respectively, showing a decreasing trend. Among these geospatial factors, the closest distance to the road has the highest relative influence (25.3%-34.8%), which increases year by year. The closer the road, the greater the effect (Figure 7) . The relative effect of elevation was the least (0.8%-2.8%) ( Figure 6 ). With the increase of elevation, this factor changed from no obvious effect to 40 m after the promotion effect ( Figure 7) . The influence of the closest distance to the river and the closest distance from the village showed a decreasing trend (Figure 7 ). This shows that the farther the distance from the river and the village, the smaller the impact of built-up land sprawl on cultivated landscape eco-security pattern.
The economic impact increased from 30.9% in 1998 to 34.7% in 2018 ( Figure 6 ). Among them, the impact of the number of industrial enterprises, agricultural machinery class, the proportion of primary industry GDP, and per-hectare grain output (PHGO) had no obvious effect after promoting (Figure 7) . However, the effect of cultivated land potential production is to inhibit it first, then promote it, and ultimately has no obvious effect (Figure 7) .
Compared with geospatial and economic factors, social factors' effect is minimal (23.7%-26.8%) ( Figure 6 ). Among them, the relative influence of population density is the least (1.3%-6.5%). With the increase of population density, the effect of 0-10 people per hectare changed from slight to no obvious effect (Figure 7 ). The influence of farmers' income level was the highest (14.1%-23.8%), and the farmers' income level showed an inhibitory effect when it was 10,000-20,000 yuan (Figure 7) . The relative influence of primary industry practitioners was 1.9%-7.1%. With the increase of the number of people, the cultivated landscape eco-security presents a trend of first promoting and then suppressing and finally having no obvious effect (Figure 7) . Table 1 .
Compared with geospatial and economic factors, social factors' effect is minimal (23.7%-26.8%) ( Figure 6 ). Among them, the relative influence of population density is the least (1.3%-6.5%). With the increase of population density, the effect of 0-10 people per hectare changed from slight to no obvious effect (Figure 7 ). The influence of farmers' income level was the highest (14.1%-23.8%), and the farmers' income level showed an inhibitory effect when it was 10,000-20,000 yuan ( Figure 7) . The relative influence of primary industry practitioners was 1.9%-7.1%. With the increase of the number of people, the cultivated landscape eco-security presents a trend of first promoting and then suppressing and finally having no obvious effect (Figure 7 ). From the perspective of urbanization gradient, according to the analysis results, we arranged the relative influence values of different years from large to small, and screened the influencing factors whose sum reached 50% (Figure 8 ). Among them, in no. 1-8 urban circle with the largest builtup land sprawl intensity and the highest cultivated landscape ecological risk, the main driving factors were geospatial (44.3%) and social (9.6%) in 1998, social (18.3%) and economic (31.7%) in 2008, and geospatial (18.7%) and social (40.9%) in 2018. The most influential factors were the closest distance from the road (25.6%, 1998) and farmers' income class (18.2%, 2008 and 25.3%, 2018).
In no. 8-16 urban circle with relatively high built-up land sprawl intensity and cultivated landscape ecological risk, the main driving factors were geospatial (10.3%), social (27.8%), and economic (19.3%) factors in 1998, social factors dominated (56.4%) in 2008, and geospatial (28.1%) and economic factors (22.7%) in 2018. The most influential factors were farmers' income class (15.6, 1998 and 25.3, 2008) and the closest distance from the road (28.1%, 2018).
In no. 16-30 urban circle with relatively weak built-up land sprawl intensity and cultivated landscape ecological risk, the major driving factors in 1998 were geospatial (15.5%) and social (43.6%), which were dominated by geospatial factors (51.6%) in 2008 and geospatial (10.2%), social (14.3), and economic factors (29.7%) in 2018. Among them, the most influential factors are farmers' income class (26.9%, 1998), the closest distance from the road (29.6%, 2008), and the agricultural machinery class (15.8%, 2018). From the perspective of urbanization gradient, according to the analysis results, we arranged the relative influence values of different years from large to small, and screened the influencing factors whose sum reached 50% (Figure 8 ). Among them, in no. 1-8 urban circle with the largest built-up land sprawl intensity and the highest cultivated landscape ecological risk, the main driving factors were geospatial (44.3%) and social (9.6%) in 1998, social (18.3%) and economic (31.7%) in 2008, and geospatial (18.7%) and social (40.9%) in 2018. The most influential factors were the closest distance from the road (25.6%, 1998) and farmers' income class (18.2%, 2008 and 25.3%, 2018) .
In no. 8-16 urban circle with relatively high built-up land sprawl intensity and cultivated landscape ecological risk, the main driving factors were geospatial (10.3%), social (27.8%), and economic (19.3%) factors in 1998, social factors dominated (56.4%) in 2008, and geospatial (28.1%) and economic factors (22.7%) in 2018. The most influential factors were farmers' income class (15.6, 1998 and 25.3, 2008) and the closest distance from the road (28.1%, 2018). In no. 16-30 urban circle with relatively weak built-up land sprawl intensity and cultivated landscape ecological risk, the major driving factors in 1998 were geospatial (15.5%) and social (43.6%), which were dominated by geospatial factors (51.6%) in 2008 and geospatial (10.2%), social (14. 3), and economic factors (29.7%) in 2018. Among them, the most influential factors are farmers' income class (26.9%, 1998) , the closest distance from the road (29.6%, 2008) , and the agricultural machinery class (15.8%, 2018 
Discussion
Landscape Pattern and Process of Cultivated Land Based on Urbanization Gradient Analysis
Some scholars believe that only remote sensing images can effectively explain the relationship between landscape pattern and process [36] . However, remote sensing images can only reflect changes in the plaque area but not changes in structure and function [37] , thus losing important information related to plaques. Moreover, the current research on cultivated landscape pattern often relies on the interpretation of remote sensing images and does not identify each independent patch [38] . Furthermore, image resolution and mapping methods affect the accuracy of landscape pattern simulation analysis [39] . Therefore, when using a cultivated landscape eco-security index to describe its landscape pattern, it is necessary to consider the sensitivity of measurement data and the index changing with spatial resolution [40] . We integrated a variety of ground observation data and detailed survey data (cultivated land data, socioeconomic data, and geographical data), consistency based on spatiotemporal scales, using spatial interpolation technology to generate the strength of the built-up land sprawl, cultivated landscape eco-security pattern, and socioeconomic and geospatial factors of spatiotemporal distribution. This method has been proved to be effective, and it can study the effects of various factors on cultivated landscape pattern under urbanization gradient, so as to promote the scientific implementation of various cultivated land protection policies.
Spatiotemporal Heterogeneity of Cultivated Landscape Ecological Risk under Urbanization Gradient
From 1998 to 2018, built-up land sprawl intensity and its main areas were basically consistent with cultivated land area decrease and its landscape ecological risk areas in Yangzhou (Figure 2) . These results show that urban sprawl has a great impact on cultivated landscape eco-security at different stages. In addition, through superposition analysis (Figure 9 ), it can be seen that, from 1998 to 2008, there were 5 common directions of built-up land sprawl and cultivated landscape ecological risk evolution trend, among which the main direction was 20°-55°. From 2008 to 2018, there were 4, with the main direction being 305°-355°. This result shows that, at present, the main areas of urban 
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Landscape Pattern and Process of Cultivated Land Based on Urbanization Gradient Analysis
Spatiotemporal Heterogeneity of Cultivated Landscape Ecological Risk under Urbanization Gradient
From 1998 to 2018, built-up land sprawl intensity and its main areas were basically consistent with cultivated land area decrease and its landscape ecological risk areas in Yangzhou (Figure 2) . These results show that urban sprawl has a great impact on cultivated landscape eco-security at different stages. In addition, through superposition analysis (Figure 9 ), it can be seen that, from 1998 to 2008, there were 5 common directions of built-up land sprawl and cultivated landscape ecological risk evolution trend, among which the main direction was 20 • -55 • . From 2008 to 2018, there were 4, with the main direction being 305 • -355 • . This result shows that, at present, the main areas of urban sprawl and its impact on cultivated land are further extended from the urban suburbs to the township areas around the city. The trend shifted from the northeast to the northwest, where cultivated land was more widely distributed. A large number of research results show that China's current urbanization has entered the stage of urban-rural integration, and the main areas of cultivated land occupied by built-up land have developed into township areas, which is consistent with our research results [41] . Therefore, spatiotemporal characteristics of built-up land sprawl intensity and impact on cultivated landscape eco-security obtained in this study provide a scientific basis for implementing cultivated land protection policy. sprawl and its impact on cultivated land are further extended from the urban suburbs to the township areas around the city. The trend shifted from the northeast to the northwest, where cultivated land was more widely distributed. A large number of research results show that China's current urbanization has entered the stage of urban-rural integration, and the main areas of cultivated land occupied by built-up land have developed into township areas, which is consistent with our research results [41] . Therefore, spatiotemporal characteristics of built-up land sprawl intensity and impact on cultivated landscape eco-security obtained in this study provide a scientific basis for implementing cultivated land protection policy. 
Interaction among Various Factors Affecting Cultivated Landscape Eco-Security under Urbanization Gradient
At present, scholars worldwide have made fruitful achievements in the research of built-up land sprawl and cultivated land protection but mainly focused on their own unilateral research [42] . After summarizing a large number of research results, we finally selected 12 types of driving factors that have a common impact on built-up land sprawl and cultivated land protection, and then conducted correlation analysis of these factors based on different urbanization gradients.
We found that the relative geospatial influence was the greatest in each period. Among them, the factor of the closest distance from the road plays a leading role in different urbanization gradients, with the largest relative impact in no. 16-30 urban circle in 2008 (29.6%). However, geospatial influence decreases with the development of the city, whereas socioeconomic influence gradually increases. Especially in the later stage of urban development, the role of economy is more obvious. This is largely because the influence of the built-up land gradually increasing in the urban center and suburbs on the cultivated land began to shift to the township area [43] .
Although the relative influence of socioeconomic factors gradually increases, the influence of different socioeconomic factors varies greatly under different urbanization gradients. From 1998 to 2018, the influence of population density and primary industry employees decreased gradually overall, but the influence of population density and primary industry practitioners generally increased gradually in no. 0-8 urban circle. This phenomenon is partly due to the significant reduction of the relative effect of geospatial action in areas close to urban centers. On the other hand, due to the rapid increase of population in the urban center and the upheaval of the population 
Although the relative influence of socioeconomic factors gradually increases, the influence of different socioeconomic factors varies greatly under different urbanization gradients. From 1998 to 2018, the influence of population density and primary industry employees decreased gradually overall, but the influence of population density and primary industry practitioners generally increased gradually in no. 0-8 urban circle. This phenomenon is partly due to the significant reduction of the relative effect of geospatial action in areas close to urban centers. On the other hand, due to the rapid increase of population in the urban center and the upheaval of the population structure, many agricultural conversion phenomena have occurred [44] . However, farmers' income class, as the dominant social factor, increased significantly from 1998 to 2018 but still decreased in no. 8-30 urban circle. This phenomenon is mainly due to the shift of urbanization development focus from suburbs to towns in 1998-2018, accompanied by the rapid growth of farmers' income. In addition, this phenomenon of regional transfer of urbanization development is also the main reason for the change in economic factors, for example, the number of industrial enterprises, agricultural machinery class, and proportion of primary industry GDP.
As economic development promotes built-up land sprawl, the overall influence of economic factors will gradually increase with time. However, economic factors related to agriculture, such as PHGO and cultivated land potential production, decreased year by year. This is mainly because, since 1998, the deepening of agricultural reform and the strategic implementation of the adjustment of the agricultural structure in Yangzhou changed the traditional agricultural type, resulting in the decline of the proportion of traditional agricultural economy in the primary industry GDP [45] .
In conclusion, the interaction between built-up land sprawl and geospatial and socioeconomic factors increases cultivated landscape ecological risk nonlinearly. Previous studies mainly used multivariate statistical analysis combined with graph theory to focus on the driving factors of cultivated landscape eco-security pattern but did not combine these factors with urbanization gradient. No one has studied the interaction between these factors and built-up land sprawl. In the process of urban sprawl affecting cultivated landscape eco-security, these factors not only act on cultivated landscape pattern but also have a great impact on built-up land sprawl. Therefore, by analyzing the influence of urban sprawl on cultivated landscape eco-security under urbanization gradient and its driving mechanism, this study can fully reveal the functional relationship between urban development and cultivated land.
Conclusions
Considering the geospatial and socioeconomic factors, we studied spatiotemporal characteristics, impact intensity, form, and direction of built-up land sprawl on cultivated landscape eco-security under the urbanization gradient in Yangzhou city from 1998 to 2018. Then, we used machine-learning technology (BRT method) to quantitatively analyze the key driving forces and evolution rules of cultivated landscape eco-security affected by built-up land sprawl under the overall and urbanization gradient. The conclusions are as follows:
(1) From 1998 to 2018, the sprawl rate of Yangzhou city first increased and then decreased, forming the sprawl gradient of no. 1-8, no. 8-16, and (4) In the process of cultivated landscape eco-security affected by urban sprawl, the influence of geospatial factors decreases gradually over time but increases outwardly with the urbanization gradient. The influence of social factors decreases first with time and then increases with urbanization gradient outwards in space. Economic factors increase with time but decrease with urbanization gradient. The influence of each factor varies greatly over time and with urbanization gradient.
In addition, the BRT method based on multi-source data analysis is very effective for quantitatively describing the main driving factors and rules of cultivated landscape eco-security affected by built-up land sprawl under urbanization gradient. This new method is not only useful for the study of urban landscape ecology but also helpful in providing a scientific basis for future urban planning and regulation as well as the implementation of farmland protection policy. 
